Postintubation stenosis is the most frequent cause of benign tracheal stenosis and may cause reintubation and delay in weaning of intensive care unit patients. This case study describes typical patients with tracheal stenosis and the management of these patients. Five patients requiring reintubation and mechanical ventilation due to early intubation-related stenosis are discussed. Stridor developed in three cases after extubation. In these cases, bronchoscopy revealed tracheal stenosis. Dilatation and silicone stent placement were performed using rigid bronchoscopy. The other two patients were on ventilators when they were admitted to the intensive care unit and their stenoses were also treated by rigid bronchoscopy. Hypercapnia and hypoxia resolved after intervention in three cases. Of the remaining two patients, one had the tracheostomy closed and in the other patient ventilation was stopped but the tracheostomy was maintained. Tracheal stenosis developing in the subglottic region after extubation, especially after exposure to cuff pressure, may lead to reintubation. A tracheostomy may hinder the diagnosis of progressive stenosis and may lead to unnecessary maintenance of ventilator treatment. Early intubation-related tracheal stenosis should therefore be considered in cases of weaning or extubation failure and prompt appropriate investigation and treatment.
Prior to extubation, all reversible causes contributing to the need for ventilation should be eliminated 1 . Extubation failure is defined as the inability to maintain spontaneous breathing for 72 hours or seven days (depending on the source quoted) after the removal of an artificial airway such as an endotracheal tube or tracheostomy cannula, and the need for reintubation 2, 3 . The reintubation rate following extubation is 6-23% within 48-72 hours 4 . Respiratory failure is commonly caused by upper airway obstruction, insufficient coughing, excessive secretions, encephalopathy and cardiac dysfunction. Other reasons include neurological instability, advanced age, disease severity, heart failure, prolonged mechanical ventilation and anaemia 4, 5 .
Early post-extubation stridor often occurs due to laryngeal oedema and usually responds well to treatment 4 , however, reintubation is occasionally needed. Nearly 15% of all reintubations are attributed to this cause 6 . Postintubation tracheal stenosis has an incidence of 1-4% and generally results from ischaemic damage to the tracheal wall at the level of the cuff, usually in the subglottic area 7, 8 . This airway injury sometimes includes cartilage damage and leads to the proliferation of fibrous tissue in response 8,9 . In this case series, we show that unrecognised tracheal stenosis developing in the early extubation period may be responsible for extubation failure and may present as early stridor. Failure to recognise this condition resulted in prolonged ventilation and occasionally in home ventilation. Once recognised, tracheal stenosis can be treated by interventional bronchoscopic methods, allowing extubation in most cases. earlier, she had been intubated for 12 days due to respiratory failure and had been monitored in the intensive care unit (ICU). On the occasion of the admission to which the case report refers, she presented to the emergency department with hypoxic respiratory failure; no stridor was noted. She was subsequently intubated because of a sudden increase in dyspnoea, loss of consciousness, hypercarbia and acidosis. She was extubated on the sixth day of her ICU stay.
Non-invasive mechanical ventilation was started immediately as part of the weaning process, with 15/5 cmH 2 O pressure in bi-level positive airway pressure (BiPAP) mode. The patient developed stridor one day after extubation and bronchoscopy resulted in the diagnosis and treatment of tracheal stenosis ( Figure  1 , Table 1 ).
Supportive measures, including nebulised adrenaline and intravenous methylprednisolone 1 mg/kg, were used in all patients. Response to these measures was inadequate; non-reversible pathology was suspected and bronchoscopy was requested. She was treated via rigid bronchoscopy with balloon dilatation and silicone stent insertion. The response to the intervention was immediate with resolution of the dyspnoea and stridor allowing for early transfer to the general ward.
Case 2
A left-sided pleural effusion was detected in a 39-year-old woman who was being followed for malignant haemangioepithelioma. Six weeks earlier she had undergone video-assisted thoracoscopic surgery resection of the primary tumour. After the operation she remained intubated and ventilated in the ICU for three days and was then moved to a general ward after extubation. She remained under clinical observation with mild dyspnoea on the ward, however she returned to the ICU on the 45th day after videoassisted thoracoscopic surgery in severe respiratory distress with stridor. As she did not respond well to non-invasive mechanical ventilation and medical therapy, she was evaluated for other possible causes of extubation failure. A complex tracheal stenosis was diagnosed and treated with a silicone airway stent after dilatation via rigid bronchoscopy. Case 3 A 49-year-old woman with diabetes and hypertension was admitted with respiratory failure following influenza virus infection of one week's duration. She had a 15-year history of severe panic disorder requiring psychiatric care. In the week preceding hospitalisation, rapidly progressive respiratory failure developed requiring immediate admission and intubation in the ICU due to adult respiratory distress syndrome. She was extubated 12 days later, following the standard weaning process. Post-extubation hoarseness and stridor were investigated after a poor response to conservative measures. Insertion of a Vergnon stent (novatech, La Ciotat, France) immediately resolved the airway obstruction.
Case 4
Five years prior to the current admission, a then 51-year-old woman was intubated following cardiac arrest with myocardial infarction. Due to weaning failure she was tracheostomised and treated in the ICU for 101 days. She could not be weaned sufficiently or decannulated and was therefore discharged with a home ventilator. At age 56, she suffered a cerebrovascular incident with transient hemiplegia, but recovered fully with the exception of the protective airway reflexes.
The admission chest X-ray relating to the current admission showed pneumonic consolidation on the right side. She was admitted to the ICU for respiratory failure and flexible bronchoscopy was performed because of the need for high-pressure ventilation and failure to advance the aspiration probe when suctioning her airways. The airway distal to the endotracheal tube was obstructed by scar-like tissue (60-70% luminal obstruction). Consequently, she was referred for endoscopic evaluation and treatment. A complex tracheal stenosis was detected and after dilatation a longer tracheostomy cannula was inserted. Decannulation was not possible due to impaired protective airway reflexes. This intervention eliminated her need for high-pressure ventilator support and allowed her to be discharged with her home ventilator a few days after the infection had resolved.
Case 5
Five months previously, a 60-year-old man was hospitalised in the ICU of another hospital with respiratory failure and required a tracheostomy because initial weaning was unsuccessful. He was discharged to the ward and eventually allowed to return home with a ventilator, since decannulation was impossible. The exact reason for weaning and decannulation failure remained unclear at the time. He was referred to us for evaluation of suspected tracheal stenosis. A complex subglottic stenosis and a second stenosis distal to the tracheostomy were diagnosed and treated ( Figure 2 ). The complex stenosis was dilated using rigid bronchoscopy barrels of increasing diameter. The tracheostomy was closed by inserting a silicone stent, which bridged the second stenosis as well.
DISCUSSIOn
In the case studies presented, we found that these patients with long-standing ventilator dependency after extubation failure had tracheal stenoses that were amenable to rigid bronchoscopic intervention. In unclear situations of extubation failure we therefore recommend early bronchoscopic evaluation by a team familiar with the management of simple and complex tracheal stenoses.
Reintubation after failed extubation has been reported to increase hospital mortality by 30-40% 6 . This appears to remain true even if comorbidity and underlying disease are accounted for 6 . In a study of 74 cases, Epstein and Ciubotaru found that weaning failure resulted from upper airway obstruction in 11 cases and two of these patients died 6 . In their review of extubation failures, Heunks and van der Hoeven reported that upper airway obstruction was the main cause of increased airway resistance 5 . In that article, mucous plugs, tracheostomy malpositioning, tracheomalacia and tracheal stenosis were given as the main reasons for increased resistance of the central airways. The authors stated that bronchoscopy should be performed in cases where increased airway resistance is detected. Endotracheal intubation may damage the oropharynx, larynx and trachea. Laryngeal oedema and mucosal ulceration are observed in almost all patients who remain intubated for four days or longer [7] [8] [9] [10] . Vocal cord ulceration and granulation tissue formation is observed in most of these cases and is located most frequently in the posterior portion of the vocal cords. These injuries are usually reversible and resolve almost completely within one month of extubation. Local pressure and ischaemia may cause not only mucosal oedema, but may also gradually lead to local damage and granulation tissue formation associated with persistent inspiratory stridor after extubation 4 . Laryngeal oedema is often transient and self-limiting. By contrast, tracheal mucosal injury is seen frequently, even when a low-pressure tracheal cuff is used. This injury may lead to the development of tracheal stenosis, tracheomalacia or localised granulation tissue 11 . Mucosal ulceration begins within a few days, and then the ulcer tissue becomes organised and infected. Subsequently, the mucosa and cartilage rings undergo necrosis, soften and disintegrate, leading to unsupported scar tissue formation. If an insufficiently sized tracheostomy or endotracheal tube is used (too small in diameter), then the incidence of tracheal damage will increase because the cuff balloon will be overinflated to prevent leakage. The prevalence of airway obstruction assessed as luminal obstruction of ≥50% is estimated to be 10%. In patients requiring prolonged mechanical ventilation, the diagnosis is often established after successful weaning from mechanical ventilation, but before tracheal tube decannulation. If the obstruction is severe and most of the tracheal lumen is obstructed, then the respiratory rate increases markedly. Early bronchoscopy will confirm the diagnosis. Restoring the airway with a long tracheal tube or stent allows patients to be weaned 11, 12 .
In our case studies, upper airway stenosis was the main cause of prolonged mechanical ventilation and reintubation in all patients (Figure 1 ). In three of the cases, after ruling out all other reasons, early tracheal stenosis was considered based on the observation that breathing work was increased. The stridor disappeared only transiently with medical therapy. The diagnosis was confirmed at flexible bronchoscopy and interventional bronchoscopic treatment was subsequently given. The posttreatment mechanical ventilation requirement was eliminated and weaning was possible. In the other two cases, undiagnosed stenosis below the tracheostomy resulted in the need for home ventilation. In both cases, weaning from mechanical ventilation was achieved following bronchoscopic treatment of the tracheal stenosis.
In their evaluation of the effectiveness of early treatment, nouraei et al considered 11 of 31 cases to be early stenosis 8 . The early phase of postintubation airway stenosis is characterised by mucosal ulceration and perichondritis, followed by the formation of exophytic granulation tissue. This tissue is replaced with mature stiff fibrotic tissue and the wound contracts as healing progresses, resulting in a classical airway scar. Success was achieved in all patients diagnosed early who underwent local treatment without the need for surgical intervention. In six of the other 20 patients, in which mature stenoses were detected, the treatment gave unsatisfactory results and a surgical procedure was performed. The formation of a mature stenosis takes about three months. In our case studies, four patients had early stenosis and only one mature stenosis was found, since it could not be diagnosed early. In four cases, dilatation treatment was performed and stenting resulted in airway patency; in the remaining case, dilatation was performed and the tracheostomy preserved by using a long cannula. The tracheostomy was preserved in this case because a previous cerebrovascular event permanently impaired airway protective reflexes.
Women are predominantly affected by this tracheal pathology. According to Rumbak et al, the female tracheal lumen is damaged more easily since it is smaller than that of males 11 . From this perspective, the stenosis was in the cuff region in three women and in the subglottic area in the remaining patients.
In conclusion, the first manifestation of early tracheal stenosis may be weaning failure. Bronchoscopy should be performed in cases requiring prolonged mechanical ventilation with weaning failure to rule out tracheal stenosis. If tracheal stenosis is detected, then dilatation and stent insertion are the treatment of choice. This, in our experience, will eliminate the need for reintubation and prevent long-term mechanical ventilation dependence in some cases. Early tracheal stenosis is usually mistaken for post-extubation laryngeal oedema and can be indicated by increased work of breathing, especially in patients with chronic obstructive pulmonary disease. Furthermore, it may be impossible to differentiate between dyspnoea perceived by the patient and actual tracheal stenosis-related dyspnoea after extubation. When a patient complains of dyspnoea in this situation, it may be attributed to the pre-existing disease and therefore not considered a new symptom. This misinterpretation sometimes leads to a failure to detect new tracheal stenoses. Extubation failure must prompt efforts to visualise the airway in order to detect possible tracheal stenosis. Since the treatment administered in the early post-extubation period provides partial relief, these patients are often considered to be ventilatordependent. Given the demand for ICU beds and high patient turnover, a more careful evaluation of the causes of post-extubation respiratory failure will lead to the detection of treatable conditions, which will allow definitive extubation after bronchoscopic treatment and thus reduce the morbidity and mortality of these patients.
COnCLUSIOn
Early tracheal stenosis should be considered when weaning fails or extubation is unsuccessful. Early treatment may prevent the need for major surgical interventions. Since resolution of the tracheal stenosis by bronchoscopic therapy is associated with acceptable long-term results, it is worthwhile to be aware of the possibility of early tracheal stenosis in the ICU setting and the appropriate diagnostic and therapeutic bronchoscopic procedures.
